ABSTRACT Using the 37 m telescope of the Haystack Observatory, we observed the (J, K) = (1, 1) ammonia transition toward the suspected exciting sources of 12 regions with molecular or optical outflows: L1448, L1455, L1524 (Haro 6-10), RNO 43, HH 34, HH 38, 43, Haro 4-255 FIR, NGC 2264 (HH 14-4, 6), L43, R CrA, HH 32a (AS 353A), and VI331 Cyg. We detected and mapped ammonia emission in nine of these regions.
I. INTRODUCTION
Energetic mass outflow is a common phenomenon in starforming regions. Observational evidence of this phenomenon comes mainly from the presence of very broad wings in molecular lines (usually CO lines). A high fraction of these outflows is found to have a bipolar morphology. Rodriguez et al. (1982) and Lada (1985) discussed the main characteristics of these molecular outflows. Other important manifestations of the same phenomenon are the Herbig-Haro objects and the presence of optical jets .
One of the most difficult aspects of the outflow phenomenon is the search and identification of its power source (usually manifesting itself as an IR or a radio continuum source). Several criteria have been used to locate these exciting sources, e.g., proximity to the center of symmetry, alignments and proper motions of HH objects, and visible morphological connections (Herbig and Jones 1981; Cohen, Bieging, and Schwartz 1982; Cohen and Schwartz 1983; Pravdo et al. 1985) .
Several studies have shown that the exciting sources of the molecular or optical outflows are frequently embedded in highdensity gas, as traced by the ammonia emission, and are located near the position of the peak (Torrefies et al. 1983 (Torrefies et al. , 1985h, 1986 Schwartz, Waak, and Smith 1983; Little et al. 1985; Takano et al. 1987; Myers et al. 1988) . In this sense, ammonia observations can be an important tool for discriminating between several objects when different criteria point toward different exciting source candidates, or for narrowing down the region where the exciting source could be searched for.
Based upon these arguments, we have selected 12 regions with signs of molecular or optical outflow to be mapped in ammonia around the position of the suspected exciting source.
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In § II we describe the observations, in § III we discuss the individual sources, and in § IV we give our conclusions.
II. OBSERVATIONS The ammonia observations were made during 1985 May and 1986
March-April with the 37 m radio telescope at Haystack Observatory. 7 At the frequency of the (J, K) = (1, 1) inversion transition of ammonia (23.7 GHz), the beam size is 1!4, and the beam efficiency at an elevation of 45° is ~0.32. We used a cooled K band maser receiver and the 1024 channel digital autocorrelation spectrometer with an effective bandwidth of 6.67 MHz. After Hanning-weighting, the spectral resolution was ~0.2 km s -1 . All of the spectra were corrected for elevation-dependent gain variations and for atmospheric attenuation. The rms pointing error of the telescope was ~15". The calibrations were made with the standard noisetube method. System temperatures in the range 70-140 K were obtained.
We observed 12 sources. In all cases, we first made measurements at the positions of a nine-point grid, with full beam separation between points. These grids were centered at the positions given in Table 1 . Ammonia was detected and mapped in nine of the sources. Maps of these sources are given in Figures 1 and 4 to 13. Superposed on these figures we also show the position of several indicators of star formation reported in the literature.
In Table 2 , we give the spectral line parameters of the ammonia emission at selected positions of the mapped sources. In Table 3 , we list the parameters of the ammonia condensations as derived following the procedures explained in the footnotes of the table. The range of these parameters is similar to those found in previous studies of ammonia condensations associated with outflows (Torrefies et al. 1983 (Torrefies et al. ,1986 . Evans, Levreault, and Harvey 1986; (10) Adams, Strom, and Strom 1979; (11) Herbig 1960; (12) Herbig and Kuhi 1963; (13) Edwards and Snell 1982; (14) González and González 1956. gated morphology of our ammonia map and that of Bachiller and Cernicharo (1986) . There are three IRAS sources closely associated with L1448. From west to east, we found 1RS 1, coinciding with RNO 13 (Levreault 1985) and located at the edge of the ammonia condensation. The second, 1RS 2 (coinciding with RNO 14), seems spatially associated with a relatively low velocity CO outflow (AF = 12 km s -1 at 0.2 K level) detected by Levreault (1985 Levreault ( , 1988 . The morphology of this outflow is not well established. Finally, 1RS 3 is the brightest of the three sources in the far-IR. It is very close to the peak of the ammonia condensation.
To obtain additional information on the core of this source, we carried out 6 cm Very Large Array (NRAO 8 ) observations of the region during 1987 June 4. At that epoch, the VLA was in the D configuration, providing an angular resolution of about 10" at 6 cm. We detected a source at a(1950) = 03 h 22 m 31 s 9, <5(1950) = 30°34'50", a position that falls inside the error ellipsoid for the source IRAS 03225 + 3034 (1RS 3). The source has an integrated 6 cm flux of 1.3 mJy and appears unresolved for our angular resolution. Assuming it is an optically thin H ii region with an electron temperature of 10 4 K, we find it requires an ionizing flux of 1.4 x 10 43 s -1 . This ionizing flux corresponds to that of a B3 ZAMS star with a luminosity 8 The National Radio Astronomy Observatory is operated by Associated Universities Inc., under contract with the National Science Foundation. of 1000 L 0 (Thompson 1984) . However, the IRAS luminosity of the associated source is only ~ 10 L 0 . The phenomenon of low-luminosity young stars producing detectable thermal radio continuum emission is now known to be relatively common and has been recently discussed by . However, the detailed mechanism that produces the ionization is not yet established. Torrefies et al (19856) have argued that in the presence of stellar winds, shock-induced ionization could occur at levels comparable with what is observed.
The presence of radio continuum emission is suggestive of recent star-forming activity, and to futher investigate the core of L1448, we searched for H 2 0 maser emission (22.2 GHz) at the Haystack Observatory. We detected a powerful maser (Fig. 2) with position a(1950) = 03 h 22 m 30 s 8 ± l s 2, 6(1950) = 30°34'59" ± 15". This position is coincident, within the uncertainties, with the location of the radio continuum source. The single feature observed can be fitted with a Gaussian profile having peak line flux, S v = 729 + 2 Jy, half-power full width, AV = 0.562 ± 0.001 km s _1 , and radial velocity with respect to the local standard of rest, F LSR = 3.337 ± 0.001 km s _1 . Assuming that the maser emits isotropically and that it is at a distance of 350 pc, we obtain an H 2 0 luminosity of The elongated ammonia condensation shows a velocity shift of ~0.8 km s -1 , with the radial velocity decreasing from east to west. Bachiller and Cernicharo (1986) also found a velocity shift of ~0.5 km s" 1 between the east and west parts of the elongated condensation. It is not firmly established yet if this velocity shift is due to rotation or to the overlap of two clumps at different radial velocities.
The double-peaked profiles observed by Bachiller and Cernicharo (1986) appear only at the position of 1RS 3 where the compact H n region and H 2 0 maser are located. This result suggests that the double-peaked profile may be due to the pressure of a stellar wind, from the exciting source of the region, against the high-density molecular gas. A similar interpretation has been invoked for the HH 1-2 region (Torrefies et al 1985a; Marcaide et al 1988) . In this way, we expect to find a gas outflow associated with the radio continuum source. This outflow could also be responsible for the shock-induced ionization mechanism for the H n region discussed before. Unfortunately, the CO observations of Levreault (1985) did not cover this region. We think that new CO observations centered at the H n region position could reveal the expected outflow.
We also did N-S cuts at a(1950) = 03 h 22 m 31 s in the J = 1 -► 0 transition of CS (49 GHz) at the Haystack Observatory (HPBW = 40") and the 1 10 -► 1 01 transition of C 3 H 2 (18 GHz; Thaddeus, Vrtilek, and Gottlieb 1985) at the 140 foot (42.7 m) of the NRAO (HPBW = i:6). The integrated line intensities from these cuts and that of NH 3 are shown in Figure 3 . The CS emission appears more extended than the NH 3 emission. A similar discrepancy, with the CS emission being more extended than the ammonia (the CS and NH 3 require similar critical densities of ~10 4 cm -3 for excitation) has also been found in other sources (e.g., HH 26-IR, Estalella et al 1988; Cepheus A, Torrefies et al 1987h; L43, Mathieu et al 1988) . This discrepancy is poorly understood. Fuller and give a possible explanation in terms of scattering of the CS emission from the high-density core by CS molecules in a halo of relatively lower density. Morris et al. (1974) discuss a similar model in an attempt to account for the large sizes observed in HCN in some molecular clouds.
b) L1455
This complex source has been mapped previously in ammonia by Schwartz, Frerking, and Smith (1985) , Torrefies et al (1986), and Bachiller and Cernicharo (1986) . There is good agreement among all maps. Three IRAS sources, apparently associated with this molecular cloud, appear in the field. One v lsr {km s ^ Fig. 2. -Spectrum of the water maser associated with the core of L1448 for the epoch 1988 July 31. Velocity resolution is 0.066 km s' 1 . The CO outflow detected by Goldsmith et al. (1984) and Levreault (1985 Levreault ( , 1988 shows multiple components of blueshifted and redshifted gas toward the central and NW condensations. However, these CO observations did not reach the area of the SE condensation, where high-velocity molecular gas associated with the high-density gas structure could also be present.
The clumpy ammonia structure suggests (as noted by Bachiller and Cernicharo 1986 for this case and by Torrefies et <T(1950) Fig. 4 .-Same as Fig. 1 for L1455 . The lowest contour level is 0.2 K, and the increment is 0.1 K. The CO outflow observed by Levreault (1985 Levreault ( ,1988 ) is also shown superposed on the map. No. 1, 1989 a/. 1987a for the HL/XZ Tau case) that the observed multiple CO outflows could be the result of a single outflow interacting in a complex manner with a clumpy medium. c) L1524 This region contains the Ha emission star Haro 6-10 (Haro, Iriarte, and Chavira 1953). An extensive description of this object is given by Strom et al (1986) . These authors obtained V, R, /, and Ha CCD images. Their images show that the star, which coincides with an IRAS source, is surrounded by a reflection nebulosity. They also found two small nebulosities in the Ha image. These two objects are located to the SW of Haro 6-10 and are roughly aligned with this star, suggesting an optical outflow with Haro 6-10 as the exciting source . Edwards and Snell (1984) and Levreault (1985) found slight indications of CO molecular outflow.
We mapped this region in ammonia in order to study the high-density gas around the possible exciting source Haro 6-10. In Figure 5 , we show our map. The ammonia condensation peaks ~2!5 to the north of Haro 6-10, suggesting a possible new location for the exciting source. Our ammonia map is confirmed by the data of Benson and Myers (1989) . However, recent CS (J = 1 -► 0) observations carried out by Estalella et al (1988) show a peak of emission toward Haro 6-10. Proper motion studies and spectroscopy of the two small nebulosities, as well as near-infrared and radio observations toward the ammonia clump to search for any embedded source, could give us an important clue for the confirmation of the optical outflow and the identification of the exciting source. It is important to emphasize that the lack of an IRAS point source at the ammonia peak does not necessarily rule out the presence of the exciting source. This has been shown to be the case in HH 1-2 (Pravdo et al 1985; Torrelles et al 1985a) and HH 34 (Reipurth et al 1986 and see below), where the exciting source is at an ammonia peak with no associated IRAS point source.
d) RN0 43
This region has been recently discussed by Cabrit, . These authors propose that its complex high-velocity pattern can be explained if the outflow is highly collimated and oriented nearly in the plane of the sky. We centered our nine-point grid on the RNO 43 object. We did not detect ammonia emission at a level of 7^ > 0.21 K. Our grid did not reach the position of the infrared source located SW of RNO 43 and proposed by Jones et al (1984) as the exciting source. We think that new observations covering the region around that infrared source could be relevant. e) HH34 This region has been studied recently by Reipurth et al (1986) and Strom et al (1986) . Edwards and Snell (1984) and Reipurth et al (1986) could not detect evidence for a molecular outflow. On the other hand, Reipurth et al (1986) discovered a highly collimated optical jet pointing toward HH 34 and emanating from a faint star. HH 34 shows six knots embedded in a bow-shaped envelope. Recently, Bührke, Mundt, and Ray (1988) discovered a new Herbig-Haro object to the NW of the faint star, constituting a morphologically bipolar, optical outflow. Raga and Mateo (1988) , through CCD images, estimate that an interstellar toroid with ~10 M 0 is needed to collimate the HH 34 jet.
In Figure 6 , we show our ammonia map. The peak of the strongest ammonia condensation coincides very closely with the faint star proposed as the exciting source by Reipurth et al (1986) . In Figure 7 , we show the schematic representation of HH 34 given by Reipurth et al (1986) superposed on the strongest ammonia condensation. The mass associated with (Fig. 6) . The peak of the ammonia structure coincides with the proposed exciting source. this condensation is >5 M 0 , of the order of the mass of the toroid proposed by Raga and Mateo (1988) . Unfortunately, our angular resolution is insufficient to spatially resolve the structure of the ammonia condensation and determine if it may be playing a role in the collimation processes. The 13 CO map of Reipurth et al. (1986) also peaks at the position of the proposed exciting star, and its morphology suggests that the gas may be distributed perpendicular to the direction of the star-HH objects axis. /) HH 38,43 HH 38 and HH 43 (Haro 1953; Herbig 1974 ) constitute a double HH object system that could be tracing an optical outflow (Cohen and Schwartz 1983) . Edwards and Snell (1984) could not find convincing signs of well-ordered supersonic molecular motions in this region. An IRAS source, previously detected in the near-infrared by Cohen and Schwartz (1983) , is located ~ T NW from HH 43. This infrared source was proposed by Cohen and Schwartz (1983) to be the exciting source of the HH objects 38 and 43 based on the alignment of the three objects along the same axis. Recently, Reipurth and Graham (1988) detected a new HH object, HH 64, in the region.
Our ammonia map is shown in Figure 8 . The IRAS source and the HH objects 38 and 43 are located approximately at the SE border of the ammonia structure. The HH object 64 is located at the NW border of the ammonia structure. We think that the noncoincidence of the IRAS position with the high- Fig. 1 for HH 38, 43 . The lowest contour level is 0.15 K, and the increment is 0.10 K. density gas casts some doubt on the identification of the IRAS source as the exciting object of the possible optical outflow. Alternatively, the position of the ammonia clump, which is also located along the axis of the three HH objects, suggests that there can be an embedded source responsible for the excitation of the HH objects.
Proper motion studies of HH 38, HH 43, and HH 64 as well as near-infrared observations towards the ammonia clump, will help in clarifying the kinematics and the exciting source of these objects. g) Haro 4-255 FIR This far-infrared source (Levreault 1985 (Levreault , 1988 ) is located about T to the NW of the Ha emission star Haro 4-255. A CO outflow approximately centered on Haro 4-255 FIR, suggesting a bipolar morphology, has been detected (Levreault 1985 (Levreault , 1988 . Our ammonia map is dominated by two peaks of emission (Fig. 9) . The position of the southern ammonia peak coincides with Haro 4-255 FIR, supporting the identification of the FIR source as the exciting source of the outflow. To our knowledge, there are no CO observations in the region around the northern ammonia condensation. h) NGC 2264 (HH 14-4,6) We observed toward the position of the suspected exciting source (1RS 3) proposed by Cohen and Schwartz (1983) . We did not detect ammonia at a level of 7^ > 0.36 K. This result makes doubtful the identification of 1RS 3 as the exciting source.
Further studies carried out by Cohen, Harvey, and Schwartz (1985) led them to propose an infrared source located ~8' south of the HH objects as a more plausible exciting source. New ammonia observations toward this particular position could help to confirm this new identification. Levreault (1985 Levreault ( , 1988 is also shown superposed on the map. Myers et al. (1988) suggest that the outflow is bipolar.
In Figure 10 , we show our ammonia map. The peak of the ammonia condensation is displaced ~ L5 to the east of RNO 91. To the SW, there is still emission at a distance of 2' from RNO 91, where our map terminates. This suggests a more extended emission, coinciding with the ammonia condensation recently reported by Mathieu et al (1988) . Their data also show the strongest ammonia condensation to the east of RNO 91, in excellent agreement with ours. These authors show CCD images revealing an optical bay around RNO 91, coinciding with the blueshifted CO outflow. They also observe an increase of the line width of the ammonia emission within the bay from east to west towards RNO 91. All these results have been interpreted as the action of the stellar wind associated with RNO 91 that has cleared out the high-density gas of its near environment (Mathieu et al. 1988 ). j) R CrA This star is at the head of the cometary nebula NGC 6729. It is associated with an important concentration of molecular gas (Loren 1979) . Two different outflows, one molecular and the other optical, seem to be present in the region. The molecular outflow, traced by the CO, and apparently associated with R CrA, shows a very complex morphology (Levreault 1985) . While the outflow core is aligned almost east-west, its outer parts are aligned with a position angle of about 30°. Proper motion studies on the HH 99 and HH 101 objects (Schwartz, Jones, and Sirk 1984; Hartigan and Graham 1987) show an optical bipolar outflow, with HH 99 and HH 101 moving in opposite directions with respect to the proposed exciting source HH 100 IR (Strom, Grasdalen, and Strom 1974 ) with a position angle of 30°. This bipolar outflow resembles that of ANCLADA ET AL.
Vol. 341 216 HH 1-2 (Herbig and Jones 1981 ; Pravdo et al 1985; Rodríguez eí a/. 1989) .
We show in Figure 11 our ammonia map. The core of the R CrA outflow does not appear to correlate with the ammonia structure (see Fig. 11 [hoiiom]). However HH 100IR is located very close to the southern ammonia peak. In Figure 12 , we show the ammonia map superposed on the optical image obtained by Hartigan and Graham (1987) We can appreciate that the high-density structure coincides with the obscured region around HH 100 IR. From our ammonia data, we estimate for this region a visual extinction of A v ~ 30 mag (Table  3) . This implies that the reflection nebulae NGC 6729 and NGC 6726/7 (coinciding with the northern ammonia peak) are probably located in front of the ammonia core. These results suggest that we have detected the high-density gas associated with the HH 99-HH 101 bipolar outflow, giving support to HH 100 IR as the exciting source. In this sense, the core of the molecular outflow may be related to molecular gas of relatively lower density located at the surface of the cloud mapped by Loren (1979) . A similar phenomenon is found in the R Mon cometary nebula (Cantó et al 1981) . The similar position angles of the outer parts of the molecular outflow and the optical bipolar outflow lead us to propose that the stellar wind associated with the suspected exciting source HH 100 IR also produces a molecular outflow in the direction of HH 99 and HH 101. The overlap of the east-west molecular outflow, Levreault (1985 Levreault ( ,1988 . No. 1, 1989 AMMONIA OBSERVATIONS OF OUTFLOW REGIONS 217
Fig. 12.-Ammonia map (Fig. 11 [iop] ) superposed on a negative print of the R CrA region at a wavelength of 655 nm taken by Hartigan and Graham (1987) associated with NGC 6729, with the NE-SW molecular outflow, associated with HH 100 IR, could explain the complex morphology observed by Levreault (1985) . Finally, it is worth noting that there is a compact radio source in the region (Cruz-González, McBreen, and Fazio 1984) that coincides positionally (within 2") with the R1 nearinfrared source studied by Wilking, Taylor, and Storey (1986) . This IR source has a bolometric luminosity of a few L 0 and cannot provide the ionizing photons required by the radio source, assuming that it is an H n region. It appears that R1 could be another example of a low-luminosity young star that can produce significant amounts of ionization . Recently, Brown (1987) detected several other radio sources in the R Cr A region. k) HH32a{AS353A) Cohen and Schwartz (1983) proposed AS 353A as the exciting source of the HH object. Torrefies et al (1983) failed to detect ammonia emission at the position of AS 353A. To see if any ammonia emission existed beyond AS 353A, we made new observations at the positions of a nine-point grid. We did not detect ammonia emission at a level of 7^ > 0.18 K. /) V1331 Cyg Levreault (1985) reported a very weak monopolar (redshifted) outflow (AF = 7 km s -1 at 0.2 K level) associated with this star and stretching in the south direction. Our ammonia map (Fig. 13) shows two condensations. The strongest one peaks near VI331 Cyg, where there is also an IRAS point source.
IV. CONCLUSIONS
We have observed with the 37 m telescope of the Haystack Observatory 12 sources with molecular or optical outflows in the (J, X) = (1, 1) ammonia transition. We have detected and mapped the ammonia emission in nine of these sources. Our main conclusions can be summarized as follows.
1. In five of the detected sources (HH 34, Haro 4-255 FIR, ANCLADA ET AL. Vol. 341 218 L43, R CrA, and VI331 Cyg), the ammonia emission peaks near the objects previously proposed to be the exciting source. Our results support these identifications.
2. In two of the detected sources (LI524 and HH 38,43), the ammonia emission peaks about 3' off the previously proposed exciting source. The detected clumps are roughly aligned with the axis defined by the HH-like nebulosities or the HH objects. These results suggest a new location near the ammonia peak for the outflow exciting source.
3. In L1448, we also detected a radio continuum source and a strong water maser at the peak of the ammonia emission. There is also an IRAS source at this position. The observed double-peaked profiles of different molecular lines toward the
